These experiments were designed primarily to test the behavior of skin grafts of genetically different breeds of fowl. In this report we are to consider (1) the behavior of pigmented skin grafts on non-pigmented hosts and reciprocals and (2) the r6le of position in the body in determining feather tract (pteryla) pattern and form of the down feather.
These experiments were designed primarily to test the behavior of skin grafts of genetically different breeds of fowl. In this report we are to consider (1) the behavior of pigmented skin grafts on non-pigmented hosts and reciprocals and (2) the r6le of position in the body in determining feather tract (pteryla) pattern and form of the down feather.
Pieces of skin ectoderm are grafted between S. C. white leghorn embryos (white) and either F, embryos (black) of the cross Barred Rock 9 X Rhode Island Red c? 'or Rhode Island Red embryos (red). Atthe time of operation both host and donor are incubated about 75 hours at a temperature of 37.7°C. The donor skin ectoderm is isolated in all cases from the dorsolateral surface of the head anterior to the otocyst. The isolated piece of small dimensions-not exceeding 0.5 mm. wide X 1 mm. long-is freed of most, if not all, of the adhering mesoderm. In most cases it is vitally stained with neutral red which aids greatly in transferring and orientating it on the host. Through a window cut in the shell over the embryo the amnion is slit, the cut edges spread apart and an incision made by glass needles in the skin ectoderm at the base of the right wing or leg bud. The piece of donor skin ectoderm is now fitted into the incision, the window closed and the egg returned to the incubator. The embryos are removed and examined at about 15 days of age, at which time the down feathers are well developed. To prevent rotation during the operation and subsequent incubation the egg is kept on a nest of cotton in a watch-glass. Under these conditions development of the embryo ensues quite normally including the regeneration of the amnion.
Black Skin Grafted to White Hosts.-Of the sixteen living white host embryos obtained, all except four show irregularly shaped patches of black down feathers. The position of these patches in general depends upon the site of the operation and to some extent upon the size of the original implant. When black skin ectoderm is grafted to the base of a right wing bud, black plumage develops on the entire surface (4 cases) or only the proximal portion (2 cases) of the wing. In other cases (4) as illustrated in figure 1 , the black patch is even more extensive, covering not only the entire wing but adjacent portions of the breast, rump and the thigh of the operated side. In one of these cases black feathers are missing from the terminal third of the wing and from the breast. When the implant is placed at the base of the leg bud the black plumage area developed covers the entire leg as in the normal and a portion of the rump (1 case) or is confined to the thigh and shank, except that the distal portion of the latter bears white feathers. One embryo was obtained in which a leg bud of a black donor was transplanted just posterior to the host's wing bud. In this case an extra leg covered with black plumage developed.
White Skin Grafted to Black Hosts.-Eighteen living black embryos which were hosts to a piece of white skin ectoderm have been recovered. In no single case did a patch of white plumage form. As a clue to this curious result attempts were made to follow the fate of the white skin by grafting either half or whole limb buds to black hosts. A similar result is obtained. The extra leg (4 embryos) or wing (3 embryos) which developed is covered with black plumage.
Red Skin Grafted to White Hosts and Reciprocals.-Two embryos have been examrined. One of these shows no trace of the graft and the other shows an extensive patch of red plujmage covering the entire wing except its terminal portion, adjacent portions of the breast, the back and even the thigh (figure 2). When white skin is grafted to red hosts none of the three embryos obtained shows any white plumage.
Differences in Behavior of Reciprocal Skin Grafts.-The results show that when skin ectoderm from pigmented breeds (F1 black, or red) is grafted to unpigmented hosts (white), black or red plumage develops in accordance with the breed of the donor embryo. On the other hand, when unpigmented skin ectoderm is grafted to pigmented hosts patches of white feathers fail to appear. It is thus apparent that the fate of the graft is different in reciprocal graft-host combinations.
The nature of the reaction which takes place between the white skin graft and the black host is not known. One simple explanation is that the white skin grafted is invaded and replaced by the surrounding pigmented host epidermis. This may be expected on the basis of the findings of Rand and Pierce2 for tadpoles and Saxon, Schmeckebier and Kelley3 for guinea pigs, that autotransplants of white skin areas into pigmented areas become pigmented through invasion and replacement by the surrounding epidermis. An alternative hypothesis is that the white skin graft has persisted, the feathers thereon forming pigment through the action of chemical substances furnished by the host. As a result of the production (Durham4) and diffusion of such a substance as tyrosinase from the pigmented skin of the host, all potential white feathers transform into black ones. Evidence favoring this mode of action is brought out in the grafts of white limb buds into black hosts, where all feathers covering the extra limb developed are black. Such a limb has arisen undoubtedly from a white donor yet it is covered with black feathers. That the epidermal covering of the white limb bud mesoderm has been invaded and replaced by pigmented host epidermis seems improbable. Unfortunately no direct evidence for the persistence of the white skin epidermis could be obtained from a macroscopic examination of the limb. Manner of Origin of the Black-Feathered Areas on White Hosts.-The area of black feathers may arise from the original implant of the skin ectoderm (1) solely by growth, i.e., without any effect on the surrounding white host epidermis, (2) by growth accompanied by an outward invasion and replacement of the surrounding white epidermis with black epidermis such as Saxon, et al. (loc. cit.) , have found for the guinea pig and (3) by growth accompanied by the production of a chemical substance which diffuses into the surrounding white epidermis bringing about a transformation of the white feathers into black ones. No final conclusion as to the exact mode of origin can be made at this time. That the black-feathered area arises entirely from the cells of the original implant regardless of whether or not any replacement of the white epidermis takes place seems probable. This is strongly supported by the fact that the feathers at the margin of the black areas are mosaics of black and white barbs longitudinally arranged. This may be seen through the transparent horny sheath. Half of the barbs of a single feather may be white and half black, one-third white and two-thirds black, etc. Such a barb composition indicates that the feather follicle producing them is composed of two kinds of epidermal cells derived in variable proportions from both donor and host (cf. Danforth and Foster5).
Assuming that the original implant is the source of the cells of the blackfeathered area, the factors controlling the amount, paths and direction of growth in covering extensive regions of the body presents an interesting problem. That the amount of growth is many times that of the original piece is shown by the formation of a black area of large dimensions (2 X 3 cm.) from a tiny graft of skin ectoderm. That the amount is dependent upon inherent differences in growth rate of the skin ectoderm used seems probable. In general the path of growth extension is toward the tip of the limb when the implant is placed at the base of the limb rudiment; when placed in the wing position it also tends to spread posteriorly onto the back and thigh and anteriorly to a lesser extent. The forces responsible for these movements remain for future elucidation.
Feather Form and Tract Pattern Determined by Position in the Body.-A study of the distribution and form of the feathers in the black (or red) areas reveals their definite arrangement into tracts or pterylae and a size characteristic of the tract in which they occur. This is well brought out in cases where the black-feathered area covers an extensive portion of the body involving more than one feather tract. A single area in such cases may include the humeral and alar tracts on the wing, a portion of the spinal tract and the femoral and crural tracts of the leg. In each of these tracts the feathers have the characteristic arrangement and form found in corresponding tracts in control embryos and on the unoperated side (left) of the same embryo.6 This is particularly striking on the wing where the down plumage shows much variation in arrangement and form, by the development of primaries, secondaries and coverts (major, median and minor). On the assumption (discussed above) that the black area develops from the origmal piece of skin ectoderm, such a variation in the form and distribu-tion of the feathers in the different tracts clearly shows the importance of position in feather tract characterization at the stage of operation. This is further emphasized by the fact that the skin ectoderm implant came in all cases from the head where in the normal the down feathers are quite different in form (short) and arrangement (number of small tracts). It is evident, therefore, that the skin ectoderm at the time of grafting is dependent upon the mesodermal substratum or position in the body for the development of feather form and arrangement. On the contrary, the color of the feather is autonomous in its development, viz., in accordance with the genic constitution of the skin ectoderm cells themselves. 
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